Background Stoma closure is associated with high wound infection rates. The aim of this study was to evaluate risk factors for infection rates in such wounds, with particular emphasis on assessing the importance of the stomal wound closure technique. Methods A retrospective analysis of 142 patients who had undergone ileostomy or colostomy closure between 2002 and 2011 was performed. Postoperative outcome as measured by wound infection rate was recorded. Three different closure techniques were identified: primary closure (PC), primary closure with Penrose drain (PCP) and purse-string circumferential wound approximation technique (PSC). Other factors such as age, sex, ASA score, type of prophylactic antibiotics used, diabetes, smoking and obesity were also analysed. All other techniques were excluded. Results Our series consisted of 142 stomal closures (90 ileostomy and 52 colostomy closures). The patients had a median age of 63.5 years with an interquartile range of 50.1-73.2 years. The overall wound infection rate was 10.7 %. PC, PCP and PSC were associated with wound infection rates of 17.9, 10.5 and 3.6 %, respectively. Compared to PSC, PC and PCP were associated with significantly higher wound infection rates (p = 0.027 and p = 0.068, respectively). Obesity was a significant risk factor for wound infection (p = 0.024). Use of triple-agent antibiotics prophylactically had a protective effect on the infection rate (p = 0.012). Conclusions To reduce stomal wound closure infection rates, we recommend institution of closure techniques other than PC with or without a drain. Risk factors such as obesity should be addressed, and prophylactic triple antibiotics should be administered.
Introduction
Loop ileostomies are now commonly created as part of sphincter-saving low rectal cancer surgery in order to reduce morbidity associated with pelvic anastomotic leakage [1, 2] . Similarly, end colostomies are still created as part of Hartmann's procedure for complicated diverticular disease, particularly in high-risk patients [3, 4] . The creation of such stomas is meant to have a protective effect in situations where distal anastomoses are precarious. However, stomal closures can be associated with significant morbidity, the most common of which is wound infection, a testament to the contaminated nature of this procedure. Given the elective nature of stoma closures in patients who may be otherwise well and the fact that in some cases closure is indicated purely for convenience, minimizing morbidity should be the top priority. In this study we aim to identify the risk factors for stomal closure wound infection, in particular assessing the importance of stomal wound closure techniques.
Materials and methods
The study population consisted of 142 patients who had undergone closure of loop ileostomy or colostomy at the colorectal unit across two health networks (Frankston 2003 , Southern Health 2010 -2011 . Data were collected from the patients' medical records. Charts were reviewed for demographic data, obesity body mass index (BMI) [30 kg/m 2 , presence of diabetes, smoking status, time interval between stoma creation and closure, prophylactic and type of antibiotics used, American Society of Anaesthesiology (ASA) score, type of stoma closed, primary pathology, closure technique employed and wound infection rate. Patients who underwent stoma closure with a technique other than PCP, PC and PSC were excluded (n = 15).
Wound infection was defined as presence of cellulitis or purulent discharge with or without positive bacterial growth within 30 days of surgery (adopted from the 1992 Center for Disease Control (CDC) definition of surgical site wound infection [5] ). Whilst inpatient wounds were observed on a daily basis by the surgical team, follow-up included outpatient notes and readmission to hospital.
Operative technique
The technique employed was at the discretion of the operating surgeon. Mechanical bowel preparation was used only in patients with a colostomy. On induction, prophylactic antibiotics were administered to most patients, and no antibiotics were given postoperatively. Three closure techniques were employed; primary closure (PC), primary closure with Penrose drain (PCP) and purse-string circumferential wound approximation technique (PSC). These methods only differed in the way the skin was closed and whether a drain was inserted. All closures of the stoma involved mobilization, some form of anastomosis and repair of the rectus sheath with either continuous or interrupted non-absorbable sutures.
In PC, the skin was closed with interrupted nonabsorbable sutures. In PCP, the wound was closed with non-absorbable sutures after inserting a Penrose drain in the subcutaneous cavity. The drain was then fixed with a suture or safety pin at the end of the wound (Fig. 1) . A Penrose drain is a soft tube-shaped silicone drain and serves to minimize dead space after surgical closure and to drain fluid. All Penrose drains were left in place for 3-5 days, so that a tract was formed promoting continual drainage.
The PSC method involved apposing the skin edges with a subcuticular absorbable suture in a circumferential manner. The purse-string was then drawn together leaving a small circular defect which was left open for free drainage, granulation and epithelialization (Fig. 2) . If the wound was not tension-free, then the skin edge was undermined prior to closing.
Non-absorbable skin sutures were routinely removed 10-14 days after surgery or earlier if indicated by signs of wound sepsis.
Statistical analysis
For continuous variables, differences in medians were calculated using the Wilcoxon rank sum test (when comparing two groups) and the Kruskal-Wallis test (when comparing more than two groups). Categorical variables were compared using the Fisher's exact test. A multivariate logit model was used to examine the factors that increased the likelihood of a wound infection. Regression analysis was performed using Eviews v5.0. A p value \0.05 was considered statistically significant. 
Results
The patient population comprised 90 males and 52 females with a median age of 63.5 years and an interquartile range (IQR) of 50.1-73.2 years ( Table 1) . The median American Society of Anesthesiologists (ASA) score was 2. ASA scores of three patients were unknown. About 16 % were active smokers, 10 % diabetic and 9 % morbidly obese.
The stoma closures consisted of 90 (63 %) reversals of ileostomies and 52 (37 %) reversals of colostomies (Table 1 ). The most common indication for ileostomy construction was a diverting loop stoma for rectal cancer surgery. The most common indication for creation of end colostomy was complicated diverticular disease. The median time to closure was 46.1 weeks. The most common closure technique employed was PCP (61 %). PC and PSC were performed in 20 % of cases each. Prophylactic intravenous antibiotic was administered to 134 patients, whilst 8 patients received no antibiotics. The antibiotic regimen most commonly used was a combination of amoxicillin (or cefazolin), gentamicin and metronidazole (triple antibiotic). The second most commonly used was cefazolin/ceftriaxone and metronidazole (dual agent).
Postoperative complications are listed in Table 1 . There was one death due to pulmonary embolism.
The overall wound infection rate was 10.5 %, 15/142 (Table 2 ). PC and PCP were associated with the highest wound infection rate, 17.9 % (5/28) and 10.5 % (9/86), respectively. PSC was associated with a wound infection rate of 3.6 % (1/28). All patients responded to antibiotics with or without open drainage of the wound. Table 3 examines the differences between the groups of patients with or without postoperative stomal wound infection (bivariate analysis). The results in Table 3 indicate that there is no clinically significant difference between the two groups with respect to their demographics, risk factors and postoperative length of stay. The risk factors are further analysed in multivariate regression analysis below. Table 3 presents the results from the estimated multivariate model, where all the statistically insignificant variables have been removed. The results indicate that after controlling for other factors, the PSC closure technique has the lowest probability of experiencing a wound infection. The PC (OR = 18.7, 95 % CI 1.4-252.0, p = 0.027) and PCP (OR = 10.2, 95 % CI 0.8-124.9, p = 0.068) closure techniques are associated with a higher probability of wound infection. Closure of ileostomy may result in a lower probability of wound infection than colostomy, but the p value was not significant (odds ratio (OR) = 0.3, 95 %, confidence interval (CI) 0.08-1.06, p = 0.061). Morbidly obese patients are more likely to experience a wound infection (OR = 7.6, 95 % CI 1.3-44.6, p = 0.024). Relative to the use of triple-antibiotic therapy, we found the use of only two antibiotics increased the likelihood of a wound infection (OR = 5.3, 95 % CI 1.4-19.6, p = 0.012). Age, sex, time to closure and ASA score were not found to be clinically significant risk factors predicting the wound infection rate. Table 4 shows a subgroup analysis of the patients' clinical features for each closure technique. The results indicate that there were no statistically significant differences in the demographics for patients in each closure technique group. Table 5 explores the distribution of infection rate and technique according to procedure type. No statistically significant difference was noted in the infection rate between the two procedure types.
Discussion
Wound infection rates after stoma closure as reported in the English literature vary from 0 to 40 % [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Wound infection and small bowel obstruction are among the two most common complications after stomal wound closure [7] [8] [9] [10] . Our study showed an overall wound infection rate of 10.6 %, comparable to if not better than that reported in the literature. Methods for reducing morbidity associated with stomal closure not only minimize the physiological and psychological toll on the patient but also reduce the postoperative cost. In this study we identified certain modifiable factors that may reduce the stomal wound infection rate.
Several stomal closure techniques have been described in the literature, including PC, delayed PC, secondary closure and PSC. The PSC wound approximation method was reported in the literature in 1997 though many colorectal surgeons had previously used this technique [16] . PSC closure has also been described in dermatological surgery where it is used for closure of small skin defects or as partial closure of larger round wounds after skin cancer excision [17] . The literature has supported its use for stomal wound closure since it is simple and has been shown to be associated with a lower wound infection rate with better cosmetic results than other techniques [6, 12, 17] . Given that the wound is partially left open, PSC also adheres to the surgical adage that contaminated wounds should not be closed. Infection rates associated with using this type of stomal closure have been reported to be 0 % by Milanchi et al. [6] , Marquez et al. [18] and Sutton et al. [12] . Our study demonstrated an infection rate of 3.6 % associated with this method, which is much better than that associated with PC or PCP.
PC has one of the highest wound infection rates, up to 36-40 % [6, 13] . However, some authors suggest that it may be better than delayed closure [11, 19] . The obvious advantage of PC is the simpler postoperative wound care. PC in our study was associated with the highest wound infection rate (18 %), similar to that reported by Marquez Note the negative coefficient suggests the presence of this factor will result in lower risk of wound infection a The coefficient measures the effect relative to the PSC closure technique b The coefficient measures the effect relative to the triple-agent regimen et al. [18] . Thus, it is clear that methods other than PC are preferable in order to minimize wound sepsis.
There is a paucity of data in the literature on the use of drains for stomal wounds. At our institution the Penrose drain is most commonly used. The relatively high wound infection rate associated with the use of the PCP method was unexpected. Despite the infection rate of 10 % associated with PCP method, such a result may be an acceptable outcome for some surgeons. On multivariate analysis, our study did show a significantly improved outcome with respect to infection when the PSC method was used compared to PC or PCP. No significant biases were identified on subgroup analysis of patient's clinical features for each group.
Our study also analysed other risk factors that may increase the wound infection rate. Morbid obesity was associated with a significantly increased risk of infection (p = 0.024). In multivariate analysis a negative association was noted with ileostomy closure but with a non-significant p value. Further group analysis failed to show any difference in wound infection according to stoma type. Studies have shown ileostomy closure to be associated with higher morbidity [1, 13] . Other factors such as age, sex, ASA score, presence of diabetes and time to closure were not found to be clinically significant risk factors.
Time to closure has been shown to be important in reducing skin complications after stoma closure. Perez et al. [8] , analysing outcome postclosure of loop ileostomy, suggested that complications were lower if the ileostomy was closed no less than 8.5 weeks (p \ 0.05). This is also suggested by other studies [9, 14] . Keck et al. [4] similarly recommended a delay of 15 weeks when reversal of Hartmann's is considered. In this study, time to closure was not a significant variable for wound infection. We used multiple antibiotic regimens in our series. The most common was the triple-antibiotic regimen. Our statistical analysis revealed a much higher incidence of wound infection when an antibiotic regimen other than triple was used prophylactically (p = 0.012). This is due to the polymicrobial nature of stomal wound infections and shows the importance of covering Gram-positive bacteria including enterococcus with amoxicillin, Gram-negative bacteria with gentamicin and anaerobes with metronidazole.
Our study was limited by being a retrospective study with a relatively biased sample size with respect to each closure technique; thus, a type II error may have occurred. Furthermore, patients were only followed up to 14 days. However, given that our institution is the only hospital in the area with an emergency department or a surgical outpatient clinic, we would expect that most patients would return to our hospital with any postoperative issue. This study, however, calls for a randomized trial of patients for each closure technique by the same surgical team, with each group being matched for age, sex, procedure type and comorbidity. When one considers an optimal skin closure technique, factors other than infection rate should also be considered. The time to wound closure will no doubt be longer in PSC as the wound is left partially open, and the impact of this will vary from patient to patient. This should be balanced against the morbidity associated with wound sepsis. It should also be noted that surgical technique is important not only in the closure of a stoma but also in the creation of a stoma [20] .
Conclusions
Based on this study, methods of reducing the infection rate associated with closure of stomas include the use of techniques other than primary closure, with or without a subcutaneous drain. Preoperative factors to consider include use of prophylactic triple antibiotics and optimizing the patient's comorbidities including addressing obesity.
